Background-We describe a novel algorithm for identifying transgender people and determining their male-to-female (MTF) or female-to-male (FTM) identity in electronic medical records (EMR) of an integrated health system.
INTRODUCTION
Transgender people are a heterogeneous group of individuals who transcend normative cultural definitions and categories of sex and gender. Sex is assigned at birth based on primary sexual characteristics [1] . A person's gender refers to one's sense of maleness, femaleness, neither, or both [1, 2] . Transgender people are those whose gender identity or expression differs from the sex originally assigned to them at birth [3] . While selfidentification of transgender people may not fit binary definitions [4] , a person whose gender identity differs from a male sex assignment at birth is often referred to as male-tofemale (MTF) and a person whose gender identity differs from a female sex assignment at birth is often referred to as a female-to-male (FTM) [5] . Transgender people may experience gender dysphoria, which is a diagnostic term that describes "a discomfort or distress that is caused by a discrepancy between a person's gender identity and that person's sex assigned at birth" [6] . In some cases gender dysphoria requires gender affirmation, which may include hormonal or surgical treatment, or both [7] .
The 2011 Institute of Medicine report on the health of sexual and gender minorities specifically emphasized the need for more information about people who are transgender [8] . Even basic information, such as the proportion of transgender people in the general population, is not known with certainty because most available studies are based on convenience samples without an identifiable population denominator [9] .
Electronic medical records (EMR) provide diagnostic codes that offer opportunities for the identification of hard-to-reach subgroups in large well-defined populations. However, for transgender people, reliance on the diagnostic codes for gender dysphoria or related diagnoses is inadequate because many transgender people experience no gender dysphoria and have no need for gender affirmation therapy. In addition, transgender people who are already receiving or wish to receive hormonal or surgical gender affirmation may not have transgender-specific diagnoses documented in the EMR [10] . An alternative option to identify transgender people in medical records could be through natural language processing (NLP) methods. Many NLP methods are complex and require specialized software, substantial expertise, time, and cost to build a reliable computerized algorithm [11, 12] . Relatively simple algorithms that use standard software may be more practical.
In this communication, we describe a method for creating and validating a cohort of transgender people using a simple algorithm that combines diagnostic codes and text stringbased NLP. We also show how following confirmation of transgender status, the algorithm is useful for identifying each person's MTF or FTM status. We then apply this algorithm to estimate proportion of transgender people among members of an integrated health care system.
METHODS

Study Setting
This study took place at Kaiser Permanente Georgia (KPGA), an integrated care delivery system that provided health services to approximately 813,000 enrollees between 2006 and 2015. The study was conducted in cooperation with the Emory University School of Public Health. All activities described in this manuscript were reviewed and approved by the Institutional Review Boards (IRB) of both institutions. KPGA is a member of several research consortia including the Health Care Systems Research Network (formerly known as the HMO Research Network [13] and the Mental Health Research Network) [14] . The 19 health care systems comprising these networks have over 20 million enrollees, use similar EMR systems, and have comparably organized databases with identical variables names, formats, and specifications across sites. [15] .
Algorithm
A flow diagram describing the 3-step algorithm used in this study is presented in Figure 1 . In Step 1, a SAS program (SAS institute, Cary, NC) examined EMR pertaining to 813,737 Kaiser Permanente Georgia (KPGA) members of all ages enrolled between January 1, 2006 and December 31, 2014 to identify two types of evidence supporting transgender status: 1) relevant International Classification of Diseases Ninth edition (ICD-9) codes; and 2) presence of relevant specific keywords in free-text notes.
The diagnostic ICD-9 codes suggestive of transgender status were selected based on methodology described in earlier studies [16, 17] . These codes included: 302.5 ("Transsexualism"); 302.50 ("Transsexualism with unspecified sexual history, a.k.a. transsexualism not otherwise specified"); 302.51 "Ttranssexualism with asexual history"); 302.52 ("Transsexualism with homosexual history"); 302.53 ("Transsexualism with heterosexual history"); 302.85 ("Gender identity disorder in adolescents or adults"); 302.6 ("Gender identity disorder in children"); and 302.3 ("Transvestic fetishism"). We also used ICD-9 V codes which are used for supplementary classification of factors influencing health status [18] . V codes identify circumstances for patient visits that are for reasons other than a disease or injury and are used to report problems or factors that may influence present or future care [19] . As V codes may cover several conditions, we used them in conjunction with internal KPGA codes to ensure specificity. For example, a combination of ICD-9 code V49.89 and KPGA code 121141596 means "Other conditions influencing health: transgender." Additional code combinations used for selection of study participants were V45.77 +121141596 ("Acquired absence of genital organs: history of sex reassignment surgery"); V07.8 + 12124952 ("Other specified prophylactic measure: male-to-female hormone supplementation"); and V07.8 + 12124310 "(Other specified prophylactic measure: female-to-male hormone supplementation").
As many transgender people do not receive any of the above diagnostic codes, the second method of transgender ascertainment used a SAS program that identified the following keywords in digitized free-text clinical notes: "transgender", "transsexual" "transvestite," "gender identity" "gender dysphoria," and "gender reassignment" (these keywords were not case-sensitive). This list of keywords was created in consultation with the Stakeholder Advisory Group, which included health care providers specializing in transgender care and representatives of the transgender community [20] . The process started with an expanded list of keywords provided by the stakeholders. The expanded list was gradually shortened after step-wise removal of keywords that did not contribute additional cases. The resulting list of six keywords provided a complete cohort ascertainment with the shortest program running time. Improving efficiency was necessary because the program is designed to be applicable in health care systems that are much larger than KPGA. A separate SAS program then extracted short strings of text that included 100 characters before and 50 characters after the keyword of interest.
In the second step of the algorithm, we verified transgender status of potential cohort candidates identified via keywords of interest, ICD-9 codes, or both ( Figure 1 ). For members whose clinical notes contained the keywords of interest (with or without an ICD-9 code), validation was done by five trained reviewers who read each extracted text sting to confirm "definitely transgender" status. Prior to review, all patient names, addresses and other identifiers were deleted. Disagreements among reviewers were adjudicated by a review committee. Members who had no keywords in their records, but had more than one ICD-9 code of interest, were considered definitely transgender and did not require further verification. For those members who had only one relevant ICD-9 code and no keyword, and for persons whose text string review was inconclusive, transgender status was verified by an in-depth review of the EMR. The in-depth review was conducted by a KPGA project manager with authorized and IRB-approved access to medical records. The project manager identified notes associated with the visit that had the ICD code of interest and then presented de-identified text to the committee members who made final determination of eligibility.
Step 3 of the algorithm was used to identify each eligible subject's MTF or FTM status. This was done because a preliminary review of the KPGA administrative records revealed that the data sometimes reflected natal (assigned at birth) sex and at other times current gender identity. The study participants were categorized as MTF or FTM using several methods. First, a SAS program searched all text strings and ICD-9 codes extracted for Step 1 to identify additional words such as "male-to-female," "female-to-male", and gender affirmation V codes (V07.8 +12124952 and V07.8 +12124310). Next, during the text string validation, the reviewers were instructed to categorize each eligible person as MTF, FTM, or unclear. For persons whose natal sex was unclear, additional examination of the EMR involved: 1) identification of ICD-9 or Current Procedure Terminology (CPT) codes for sexspecific diagnoses (e.g., prostate cancer) and procedures (e.g., hysterectomy); 2) review of additional text strings that included sex-specific keywords (e.g., "testes" or "ovaries"); and 3) an in-depth review of records. 
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Analysis
The proportions of KPGA members designated as definitely transgender were computed for each of the three modes of identifying potential cohort candidates: keywords only, ICD-9 codes only, and both ICD-9 codes and keywords. Each proportion was accompanied by a 95% confidence interval (CI) calculated based on Fleiss quadratic correction using OpenEpi statistical calculator [21] .
The prevalence of definitely transgender status was then calculated. For each eligible person, the date of the first visit associated with the keyword or ICD-9 code of interest was considered the index date. To be included in the prevalence numerator for a given year, a person had to be enrolled in KPGA at any time during that year, and to have an index date during or before that year. The denominator comprised all KPGA members for the same year. All prevalence estimates and the corresponding 95% CIs were expressed per 100,000 persons.
RESULTS
Using our methodology, 271 persons were identified as possibly transgender. Of these, 51% (N=137) were identified through keywords only, 9% (N=25) through ICD-9 codes only, and 40% (109) by both ICD-9 codes and keywords ( Table 1) . Among these individuals, 185 (68%; 95% CI: 62-74%) were confirmed as definitely transgender (Table 1 ). Based on validation results, the positive predictive values (95% CIs) for keywords, diagnostic codes, and both were 45% (37-54%), 56% (35-75%), and 100% (96-100%), respectively. The leading reason for non-eligibility was the use of a keyword in the EMR note that was not related to the patient. Only 3% (9 of 271) had "uncertain" status.
Among the 246 of the 271 persons identified using keyword searches, agreement among all five reviewers was 85% ( Table 2 ). After adjudication of the remaining 15%, transgender status of only two persons remained unresolved by review of text strings. The additional indepth review of records for these two individuals did not allow a more definitive ascertainment of transgender status.
Natal sex for the 185 definitely transgender people was ascertained by computer algorithm or initial text string review for 32% (N=60), and 31% (N=58), respectively ( Figure 2 ). The remaining 67 subjects underwent additional evaluation using ICD and CPT codes, sexspecific keywords or further in-depth review of records. As a result, natal gender was successfully determined for 99% (183 of 185) of definitely transgender study participants: 54% (99 of 185, 95% CI: 46-61%) were MTF and 45% (84 of 185, 95% CI: 38-53%) were FTM. 
DISCUSSION
In this study, we demonstrate that by using a relatively simple SAS algorithm --based on standard codes and supplemented with analysis of digitized provider notes --it is possible to more completely identify transgender status of individuals than would be possible using codes alone. The use of keyword-containing text strings clearly enhanced cohort ascertainment relative to ICD code-based approaches. On the other hand, reliance on keywords without text string validation would have erroneously included a substantial number of persons who are not transgender. Additional review of records was necessary to confirm transgender status and identify false-positives. Most commonly, this occurred when a keyword of interest (e.g., "transgender") was referring not to the patient but to the patient's close relative, or partner. In other false-positive situations the keywords of interest were used as part of standard text, such as when listing indications for hormone use.
Previous studies that have estimated proportions of transgender people using medical records fall into two categories: those that have focused on receipt of surgical or hormonal gender affirmation therapy and those that defined the numerator based on transgenderrelated diagnoses. Most reported prevalence estimates based on these two methods have ranged from 1 to 10 per 100,000 individuals [22] [23] [24] [25] [26] . Our results are outside of this range, a discrepancy that may have several explanations. First, approximately one-third of eligible participants in our study would have been missed if the cohort selection methods were limited to standard code-based methods. Second, as our analysis was based on comparatively recent data, the higher prevalence in our study may reflect the secular trend of an increasing proportion of people who acknowledge their transgender status. Third, the majority of previous studies quantified the numerator (usually by canvassing specialized clinics in a given area) and then used an approximated population size to arrive at a prevalence estimate. In our study, the availability of EMR data and a more complete ascertainment of both the numerator and the denominator likely produced a more accurate result.
Our findings are consistent with two US-based studies that used the Veterans Health Administration (VHA) data [27, 28] . The more recent of the two papers reported prevalence of transgender-related diagnoses of 3.5 per 100,000 in 2006 and 32.9 per 100,000 in 2013 [28] . It is notable that the numerator in the VHA study was defined based on ICD-9 codes only, and for this reason, the true prevalence of transgender status among veterans may be higher. It is also important to keep in mind that the VHA analyses did not distinguish between MTF and FTM, and the denominator in the prevalence calculations included mostly natal males.
In recent months the U.S. Department of Health and Human Services issued a directive that instructs that EMR systems to find a way to record a patient's sexual orientation and gender identity in a structured way with standardized data. It may take some time before gender identity data become widely available because the directive specifically "does not require that a provider collect this information", but it requires only that the EMR "enable the provider to do so" [29] .
The main advantages of our method are the use of a simple SAS program for initial cohort selection, and the relatively low cost and efficiency of validation procedures. No costly specialized NLP software or extensive informatics expertise was required. The use of five reviewers for each text string validation was guided by the need to train research staff members who will perform similar tasks at much larger sites. In the future, two reviews of each case, with adjudication of disagreements, should be sufficient and will lower the cost of cohort validation. Only a small proportion of cohort candidates required detailed EMR review.
In summary, our method of identifying candidates for transgender health studies is relatively low-cost, rapid and capable of identifying persons who would have been missed by traditional approaches. The SAS programs and the validation algorithms developed for this study can be applied in other health care systems that use similar EMR data structure. Table 1 Results of eligibility validation for alternative modes of cohort ascertainment 
Mode of Ascertainment
Number of Patients
